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Abstract Text (l) : 

Rays of light from three light -emit ting diodes 5 incident at a thicker side end edge 
2c of a light guide plate 2 made of a transparent plate. A ratio of grating part 
width/non-grating part width in a unit width of a diffraction grating 3 provided on 
a rear surface 2b of the light guide plate 2 is varied, and grating constant of a 
diffraction grating 4 of a front surface 2a provided perpendicularly to the 
diffraction grating 3, is set to a fixed value smaller than a mean grating constant 
of the diffraction grating of the rear surface 2b, so that uniform, high brightness 
at the front surface 2a of the light guide plate 2 can be obtained. Therefore, the 
light guide plate can perform high, uniform brightness over a whole illuminating 
surface even with a point light source, and yet can prolong life of batteries by 
virtue of reduction in power consumption of the light source. 

Brief Summary Text (3) : 

Recently, the present applicant has proposed a planar surface illuminator to be used 
for backlight in liquid crystal displays as shown in FIG. 6 (Japanese Patent 
Laid-Open Publication HEI 09-325218) . This planar surface illuminator 31, which is 
provided below a liquid crystal display panel 40, comprises a light guide plate 32 
made of transparent plastic resin and having a diffraction grating 3 3 provided on a 
rear surface 32b, a fluorescent tube 34 having a cold cathode or semi-hot electrode 
as a light source placed along a thicker end side edge 32c of the light guide plate 
32, a reflector 35 which surrounds and covers the light guide plate, except its 
front surface 32a, as well as the fluorescent tube 34 to reflect light, a diffusion 
plate 36 placed parallel to the light guide plate on its front surface 32a side, and 
a prism sheet 37 for light collection placed parallel to the diffusion plate 36 on 
its front surface side. 

Brief Summary Text (4) : 

The diffraction grating 33 is formed by molding in the form of minute ruled grooves 
on the rear surface 32b which is inclined at an angle of 0.5 to 5. degree, so as to 
be able to receive on its entire surface light that comes incident generally 
horizontally from the fluorescent tube 34, where the distance d between adjacent 
grooves in the diffraction grating 33 is set so that diffracted light rays of 
low-order according to a later-described relational equation (1) of diffraction go 
out from the front surface 32a of the light guide plate generally vertically and in 
a direction coincident with the direction of total reflection. Also, a ratio of 
grating part width/non-grating part width in a unit width of the diffraction grating 
33 (heavy-line length/ thin- line length of each division) schematically shown as 
eleven divisions in the figure is set so as to increase gradually with increasing 
distance from the end edge 32c in order that the quantity of diffracted light 
increases with decreasing quantity of light that comes up from the fluorescent tube 
34. In addition, the divisions are actually provided in numbers far greater than 
eleven, for example, around 1000. 

Brief Summary Text (5) : 

In this planar surface illuminator 31 of the prior art, white light emitted from the 
fluorescent tube 34 enters the light guide plate 32 generally horizontally at the 
end edge 32c, impinges on the whole rear surface 32b inclined at an angle of 0.5 to 
5. degree., and is diffracted by a synergistical cooperating effect of adjacent 
smooth surfaces between each numerous ruled grooves of the diffraction grating 3 3 
which is provided over the whole rear surface 32b and whose groove interval, namely 
grating constant d is on the order of submicrons to several tens of microns (0.1 to 
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10 .mu.m) , so that high intensity diffracted light of low-order (e.g., 1st- to 
3rd-order) go out generally vertically from the front surface 32a of the light guide 
plate 32 as shown by an arrow in the figure. Thus, far higher- intensity outgoing 
light can be obtained, as compared with the conventional multiplicity of 
trigonal -pyramid prism surfaces in which one side edge is long as much as 0.16 mm, 
and at which each ray of light is totally reflected as a sum of light quanta 
geometrically-optically and individually without cooperation with neighborhoods. In 
addition to this, because grating part width/non-grating part width in unit width of 
the diffraction grating 33, i.e. the diffraction efficiency of the grating (ratio of 
diffracted light intensity to incident light intensity) , increases with increasing 
distance from the end edge 32c on the fluorescent tube 34 side, the quantity of 
diffracted light increases in proportion to decreases in the quantity of light due 
to increasing distance from the light source. In this way, the front surface 32a of 
the light guide plate 32 is illuminated with high brightness and great uniformity. 

Brief Summary Text (6) : 

It is noted that since the white light emitted from the fluorescent tube 34 has a 
spectral distribution having peaks at blue (B) , green (G) and red (R) , the 
diffracted light is separated as shown by arrows R, G and B in FIG. 6 according to a 
later-described relational equation (1) of diffraction, but changed into the 
original white light by passing through the diffusion plate 36 placed in the front 
and then collected by the prism sheet 37 placed in the front, thus going out. As a 
result, the liquid crystal display panel 40 is illuminated with separation- free 
white light from below with high brightness and yet uniformity. 

Brief Summary Text (8) : . 
As an experimental example of high-brightness, uniform illumination of the light 
guide plate 32, a light guide plate having a diffraction grating with d=3 .mu.m was 
fabricated by using a mold which is formed with a ruled pattern by micromachining, 
and surface brightness at a position 100 mm distant from an end edge on the light 
source side was compared with similar surface brightness of a conventional light 
guide plate having an about 3 00 .mu.m print pattern. This comparison has proved that 
the former surface brightness is twice brighter than the latter. Accordingly, this 
light guide plate 32 is capable, of offering high-brightness backlight even with a 
fluorescent tube 34 involving less power consumption. Therefore, applying the light 
guide plate 32 to battery-driven liquid crystal displays allows the life of the 
batteries to be prolonged double, and applying the light guide plate 32 to 
battery-driven liquid crystal televisions enables image watching in the light open 
air. 

Brief Summary Text (13): 

It is therefore an object of the present invention to provide a light guide plate m 
which diffraction gratings are provided so as to allow longitudinal bright lines 
frompoint light sources to be spread laterally on the surface of the light guide 
plate, so that the light guide plate is capable of obtaining high, uniform 
brightness over the entire illuminating surface even with use of point light sources 
and moreover that the life of batteries can be prolonged by virtue of reduction in 
power consumption of the light sources. 

Brief Summary Text (16) : 

diffraction gratings provided on both rear and front surfaces of the plate and 
diffracting light incident from one or more point light sources at at least one end 
face of the plate; wherein 

Brief Summary Text (17): t 

a ratio of grating part width/non-grating part width in a unit width, or 

cross -sectional shape, of the diffraction grating of the rear surface is varied, and 



Brief Summary Text (18): 

the diffraction grating of the front surface is provided perpendicularly to the 
diffraction grating of the rear surface, while grating constant of the grating on 
the front surface is set to a fixed value smaller than a mean grating constant of 
the diffraction grating on the rear surface or the cross -sectional shape of the 
diffraction grating on the front surface is set to such a specified shape that 
high-order diffracted light is diffracted at high efficiency, whereby 

Brief Summary Text (20) : 

As illustrated in FIG. 1A, when a reflection- type diffraction grating 3 (ruled 
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grooves) is formed with grating constant d, as an example, on a rear surface 2b of a 
light guide plate 2 made of a transparent plate member, light from a point light 
source located on one end face 2c of the light guide plate 2 comes incident toward 
the rear surface 2b within the sheet plane of FIG. 1A as shown by arrows I, and is 
diffracted by the diffraction grating 3 toward a front surface 2a as shown by arrows 
D.sub.l, D.sub.2, D.sub.3, where between incident light I and diffracted light D, 
the following equation (1) holds: 

Brief Summary Text (21) : 

where i is the incident angle, .theta. is the angle of diffraction, .lambda, is the 
wavelength of light, and m is an integer. 

Brief Summary Text (22) : 

D.sub.l, D.sub.2, D.sub.3 in the figure indicate directions of diffracted light when 
m in Equation (1) is substituted by 1, 2, 3, respectively. The first-order 
diffracted light D.sub.l, in which the incident angle on the front surface 2a is 
larger than a critical angle .phi. (e.g., .phi . =42 .degree . for an acrylic light 
guide plate) , is totally reflected by the front surface 2a so as to be led far 
within the light guide plate 2. The second-order, third-order diffracted light 
D.sub.2, D.sub.3, in which the incident angle on the front surface 2a is smaller 
than the critical angle .phi., goes outward from the front surface 2a. Accordingly, 
if the grating constant d is appropriately determined with respect to the wavelength 
.lambda, of the point light source by controlling the incident angle i on the rear 
surface 2b so that low-order (e.g., m=3) diffracted light goes out from the front 
surface 2a in a direction generally perpendicular to this surface while the even 
lower-order (e.g., m=l) diffracted light is led farther away within the light guide 
plate. The front surface 2a of the light guide plate 2 is illuminated very brightly 
by the high- intensity outgoing light that goes out in a direction generally normal 
to the front surface 2a while the totally reflected internal light is led farther 
away within the light guide plate at a line intersecting the vertical plane 
including the point light source, which plane is the sheet surface of FIG. 1A. In 
addition, when various dimensions involved are controlled so that the direction of 
diffraction, which is the direction generally normal to the front surface 2a, and 
the direction of total internal reflection of incident light determined by the 
inclination angle of the groove in the sectional profile of the ruled grooves become 
coincident with each other, i.e., when the groove shape of the diffraction grating 
is blazed, bright lines of the highest brightness can be obtained, and these bright 
lines correspond to the three bright lines L in FIG. 2. 

Brief Summary Text (23) : 

In the light guide plate 2, the ratio of grating part width/non-grating part width 
in unit widths is gradually changed, or cross-sectional shape, of the diffraction 
grating 3 of the rear surface 2b is changed, so that the brightness of the bright 
lines L at the front surface 2a of the light guide plate are controlled to be 
uniformized. More specifically, in the light guide plate 2, for example, as the 
distance from one end face 2c of the light guide plate 2 on the light source side 
increases, i.e., as the quantity of light coming up from the point light source 
decreases, the cross -sectional shape is changed from sine wave to sawtooth wave 
shape, or the ratio of grating part width/non-grating part width in unit widths 
gradually increases, as an example. Accordingly, the light from the point light 
source is weakly diffracted on one end face 2c side wherewith a higher light 
quantity, and increasingly more diffracted on increasingly far side wherewith the 
smaller light quantity. As a result, the bright lines L at the front surface 2a of 
the light guide plate appear with quite high and uniform brightness. 

Brief Summary Text (24) : 

Also, as shown in FIG. IB, which is a sectional view taken along the line b--b of 
FIG. 1A, on the front surface 2a of the light guide plate 2, a transmission 
diffraction grating 4 perpendicular to the diffraction grating 3 of the rear surface 
2b is provided with a fixed grating constant d' . Therefore, diffracted light 
D.sub.2, D.sub.3 which looks as a bright line L and which goes out in a direction 
generally normal to the front surface 2a, when going out, is diffracted by this 
diffraction grating 4 of the front surface 2a. In this case, if the incident angle 
is i' (=0) and the angle of diffraction is .theta.' as shown in FIG. IB, then an 
equation, -sin . theta. ' = . +- .m( . lambda. /d' ) , holds from the aforementioned relational 
equation (1) . 

Brief Summary Text (25) : 

Therefore, if the grating constant d' of the diffraction grating 4 of the front 
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surface is set to a constant value smaller than the mean grating constant d of the 
diffraction grating 3 of the rear surface, then the values of .theta.' satisfying 
the above equation for m=l, 2, 3, respectively, are greater than the value of 
.theta., meaning that the angle of diffraction by the diffraction grating 4 of the 
front surface is greater than that of the rear surface. Accordingly, the diffracted 
light, or outgoing light, is largely spread as shown by D.sub.O ', D.sub.l 
D.sub.-l ' , D.sub.2 * , D.sub.-2 ', D.sub.3 D.sub.-3 ' of FIGS. IB and 2, 
illuminating between adjacent bright lines L, L with high, uniform brightness. As a 
result, a uniform, high-brightness illuminating surface 2a can be obtained. 

Brief Summary Text (26) : 

Similarly, when the cross-sectional shape of the diffraction grating 4 of the front 
surface is set to a specified shape such as a sawtooth wave shape with the angle of 
teeth adjusted (see FIG . 4D) in which high-order diffracted light having a large 
value of m in the grating equation (1) is diffracted at high efficiency, more 
spreading diffracted light on the outer side in FIG. IB is increased in intensity so 
that a uniform, high-brightness illuminating surface 2a can be obtained likewise. 

Brief Summary Text (27) : 

The technique by diffraction grating of the present invention essentially differs 
from, for example, the conventional polygonal prism in which individual prisms 
totally reflect light independently without cooperation, in that the grating 
constant d is on the order of submicrons to several tens of microns (0.1-10 .mu.m) , 
which is an order of 1/100 as compared with the length of one side edge of the 
prism, so that adjacent planar surfaces between each numerous minutely ruled grooves 
synergist ically cooperate to cause light having wave characteristic to be 
exceedingly strong diffracted, thus allowing an exceedingly high-brightness 
illuminating surface 2a to be obtained. In addition, a light guide plate having such 
a diffraction grating can be made by, for example, molding through the use of a die 
having ruled grooves internally formed by machining or having an electrof ormed 
hologram film of diffraction grating internally lined, or directly machining or 
printing ruled grooves on the rear surface of the light guide plate or bonding on 
the rear surface a film having such grooves printed or holographically formed. 

Brief Summary Text (30) : 

diffraction gratings provided on both rear and front surfaces of the plate and . 
diffracting light incident from one or more point light sources at a rear surface of 
the plate; wherein 

Brief Summary Text (31) : 

the diffraction grating of the front surface and the diffraction grating of the rear 
surface are provided perpendicularly to each other, while grating constants of the 
diffraction gratings, or cross- sectional shapes of the diffraction gratings, are so 
set that uniform, high brightness at the front surface of the light guide plate can 
be obtained. 

Brief Summary Text (32) : 

In this light guide plate, when a point light source is present on the rear surface 
side of the transparent plate member, diffraction gratings provided on the front 
surface and the rear surface of this plate member so as to be perpendicular to each 
other become both transmission type. Light from the point light source is diffracted 
by the diffraction grating of the rear surface of the plate member so as to spread 
at angles that are increasing with increasing number of order m within a plane 
perpendicular to the ruled grooves of this diffraction grating, as shown in FIG. IB, 
according to the above- stated grating equation (1) , thus making a row of bright 
spots P. sub. -2, P.sub.-l, P.sub.0, P.sub.l, P. sub. 2 on the front surface of the 
plate member as shown in FIG. 5 as an example. Further, the diffracted light from 
the rear surface that form these bright spots is diffracted also as shown in FIG. IB 
by the diffraction grating of the front surface of the plate member, within a plane 
formed by lines perpendicular to the individual ruled grooves of this diffraction 
grating and each of the above diffracted light, resultantly making sets of rows of 
bright spots in FIG. 5 . . . ; P. sub. -21, P. sub. -11, P. sub. 01, P. sub. 11, P. sub. 12 ; 
P. sub. -2 ; P.sub.-l, P.sub.0, P.sub.l, P. sub. 2 ; P. sub. -2-1, P. sub. -1-1, P. sub. 0-1, 
P. sub. 1-1, P. sub. 2-1 ; ... on the front surface of the plate member. The grating 
constants of the diffraction gratings on the rear surface and the front surface, or 
the cross- sectional shapes of the diffraction gratings, are such that the sets of 
rows of bright spots are distributed at an appropriate pitch on the whole front 
surface of the plate member, thus allowing uniform, high brightness on the front 
surface of the light guide plate to be obtained. 
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Brief Sum mary Text (33) : , . , 

in an embodiment of the present invention, a diffusion plate for unif ormizmg 
diffracted light or turning any spectrally dispersed diffraction light back into 
white ligh t through irregular reflection is provided on a front surface side of the 
light guide plate. 

Brief Su mmary Text (34) : 

in an embodiment, if the light source is white light including light of various 
wavelengths .lambda., as apparent from the grating equation, diffracted light goes 
out as spectra as shown, for example, by the arrows R, G, Bin FIG. 6. The outgoing 
spectra are changed into the original white light by passing through the diffusion 
plate provided on the front surface side. Also, if the light source is monochromatic 
liqht the diffracted light becomes more uniform by passing through the diffusion 
plate Accordingly, even when a small number of monochromatic light sources or white 
light 'sources are used, the surface of the light guide plate can be illuminated with 
more uniformity and higher brightness by even more uniform monochromatic light or 
undispersed white light. 

Drawing Description Text (3): * M„\,t. 

FiGS — 1A and IB are schematic views showing theoretically the diffraction of light 
by diffraction gratings provided on the front and rear surfaces of a light guide 
plate; 

Drawing Descr iption Text (6) : , . „ 

FIGS — 4A to 4E are schematic views showing the relationship between the intensity or 
diffracted light and the grating constant as well as cross- sectional shape of the 
diffraction grating; 

De tailed Description Text (3): , . . _ =Q 

FIG — 2 is a perspective view showing one embodiment of the light guide plate as 
described in claim 1 used for backlight of a liquid crystal display. The light guide 
plate 2 made of transparent plastic resin, in which a rear surface 2a is inclined at 
an anqle of 0.5 to 5. degree, to a front surface 2a so as to be able to receive light 
incident generally horizontally from three light-emitting diodes 5 provided as point 
light sources at a thicker end side edge 2c, has a diffraction grating 3 formed by 
molding as fine ruled grooves on the rear surface 2b and a diffraction grating 4 
formed by molding on the front surface 2a so as to be perpendicular to the 
diffraction grating 3 of the rear surface 2b. A grating constant d of the 
diffraction grating 3 is so set, as already described for the equation (l), that 
rays of low - order diffracted light go out from the front surface 2a generally 
perpendicular thereto and in concert in a direction of total reflection. 

Detail ed Description Text (4): . 

Also, the ratio of gratin g part width/non-grating part width in unit width of the 
diffr action grating 3 is set so as to increase gradually with increasing distance 
from the en d edge 2c in order that the quantity of diffracted light increases with 
decreasing quantity of reached light from the light-emitting diodes 5. The term 
-unit width" herein refers to the sum of the width of one grating part and the width 
of one non-grating part, that is, the width of a unit division On the rear surface 
2b of the light guide plate 2 of FIG. 2, schematically shown eleven divisions each 
having the unit width are provided, where the grating part width is shown by heavy 
line part of each division and the non-grating part width is shown by thin line part 
of each division. As the distance from the end edge 2c increases, the ratio of heavy 
line in each division, i.e. grating part width, increases, making it understood that 
the quantity of diffracted light increases. In the above, the unit division, 
although eleven in number for explanation's sake, is actually provided m far 
greater numbers, for example, around 1000. 

Detailed Descri ption Text (5) : . , . . . 

The diffraction grating 3 of the rear surface 2b is provided, in this embodiment, in 
an arrangement that grating part and non-grating part are Pr°y id e£ divisionally 
riqht and left in each unit width. However, it is also possible that the two parts 
are alternately provided in one unit width so that a specific ratio of grating part 
width/non-grating part width can be obtained in the unit width. Further the ratio 
of grating part width/non-grating part width is not necessarily gradually increased 
with increasing distance from the end edge 2c as in FIG. 2, but may be changed 
optionally as far as high- intensity, uniform bright lines on the surface can be 
obtained. 
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Detailed Description Text (6) : 

In the diffraction grating 4 of the front surface 2a, on the other hand, the grating 
constant d' is set to a fixed value as small as half the mean grating constant d of 
the diffraction grating 3 of the rear surface 2b, so that bright lines L by the 
diffraction grating 3 of the rear surface are diffracted so as to be largely spread 
laterally as shown by D . sub . 0 D.sub.l, D.sub.-l D.sub.2 » , D.sub.-2 D.sub.3 

D.sub.-3 1 of FIGS. IB and 2, illuminating between adjacent bright lines L, L 
with high, uniform brightness. As a result, a uniform, high- intensity illuminating 
surface 2a can be obtained. 

Detailed Description Text (7) : 

In this embodiment, the diffraction gratings 3 , 4 of the front surface 2a, rear 
surface 2b, whose grating constants d, d' are several .mu.m, are formed 
simultaneously with the light guide plate by using metallic dies in which ruled 
grooves are machined in the cavity surface. Herewith the diffraction gratings of the 
present invention may be ones whose grating constants d, d' are 0.1 to 10 .mu.m 
which can also be fabricated by in-molding method in which hologram coatings for the 
diffraction gratings are inserted, direct machining process of ruled grooves onto 
the rear surface of the light guide plate, or bonding diffraction grating printed or 
holographically formed onto the rear surface of the light guide plate. 

Detailed Description Text (8) : 

In addition, the above diffraction grating 4 of the front surface 2a having the 
above grating constant d' may be substituted by a diffraction grating having a 
sawtooth cross -sectional shape shown in FIG. 4D in which the angle of teeth is 
adjusted so as to allow higher-order rays of diffracted light with large m values in 
the grating equation (1) to be diffracted at high efficiency. In this case, the 
intensity of higher-order diffracted light spreading outside at a large angle 
increases so that uniform, high- intensity illuminating surface 2a can be obtained 
like the aforementioned case. 

Detailed Description Text (9) : 

FIG. 3 shows an example of a liquid crystal display in which the light guide plate 
of FIG. 2 is used for the backlight. This liquid crystal display comprises a liquid 
crystal panel 40, and a planar surface illuminator 1 which is composed of a 
diffusion plate 36 for further uniformizing the diffracted light uniformly spread 
over the entire front surface 2a by the diffraction grating 4 of the front surface 
of the light guide plate 2, the light guide plate 2, and a reflector 3 5 for 
reflecting light, the components of the planar surface illuminator 1 being provided 
below and parallel to the liquid crystal display panel 40 one by one. 

Detailed Description Text (12) : 

Monochromatic light emitted from the light-emitting diodes 5 enters the light guide 
plate 2 generally horizontally at the end edge 2c, impinges on the whole rear 
surface 2b inclined at an angle of 0.5 to 5. degree., and is diffracted in 
cooperation of adjacent smooth surfaces among the multiplicity of ruled grooves of 
the diffraction grating 3 provided over the whole rear surface 2b, by which intense, 
low-order (e.g., 2nd- or 3rd-order) diffracted light is directed toward the 
generally normal direction of the front surface 2a of the light guide plate 2. 
While, intense, lower-order (e.g., Ist-order) diffracted light is totally reflected 
internally and led within the light guide plate 2. Accordingly, because the 
diffraction grating 3 has a synergistic cooperating effect of the multiplicity of 
fine ruled grooves whose spacing is on the order of 1/100 of the length of one side 
edge of the conventional trigonal -pyramid prism, considerably highly intense 
diffracted light can be obtained, than in the case of the conventional multiplicity 
of trigonal -pyramid prism or the like whose one side edge is long as much as 0.16 mm 
and in which rays of light are totally reflected individually and merely as sums of 
light quanta of geometric optics without cooperation with neighborhoods. In addition 
to this, because grating part width/non-grating part width in unit width of the 
diffraction grating 3, i.e., the diffraction efficiency of the grating (ratio of 
diffracted light intensity to incident light intensity) increases with increasing 
distance from the end edge 2c of the light-emitting diodes 5, the quantity of 
diffracted light increases in proportion to the decreases in the quantity of light 
due to the distance from the light -emitting diodes. Therefore, without the 
diffraction grating 4 on the surface of the light guide plate 2, high- intensity, 
uniform bright lines L extending from the light-emitting diodes 5 (see FIG. 2) would 
appear on the front surface 2a. 
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Detailed Description Text (13) : 

However, on the front surface 2a of the light guide plate 2, the diffraction grating 
4 perpendicular to the diffraction grating 3 of the rear surface 2b as shown in 
FIGS. IB and 2 is provided at a fixed grating constant d' , so that diffracted rays 
of light D.sub.2, D.sub.3 that appear as the bright lines L otherwise are 
diffracted, when going out, by the diffraction grating 4 of the front surface 2a. In 
this connection, as shown in FIG. IB, with an angle of diffraction assumed as 
.theta.', because the incident angle i'=0, an equation -sin 

.theta. '=.+-. m(. lambda. /d' ) holds from the aforementioned grating equation (1). 
Detailed Description Text (14) : 

Because the grating constant d' of the diffraction grating 4 on the front surface is 
set to a fixed value smaller than the mean grating constant d of the diffraction 
grating 3 on the rear surface, the values of .theta. 1 satisfying the above equation 
for m=2, 3, respectively, are greater than the values of .theta., meaning that the 
angle of diffraction by the diffraction grating 4 on the front surface is greater 
than on the rear surface. Therefore, the diffracted light, or outgoing light, is 
largely spread as shown by D.sub.O D.sub.l ', D.sub.-l D.sub.2 » , D.sub.2 
D.sub.3 ' , D.sub.-3 ' of FIGS. IB and 2, illuminating between adjacent bright lines 
Lon the front surface 2a with high, uniform brightness. Furthermore, because the 
diffusion plate 36 is provided above the light guide plate 2 as shown in FIG. 3, the 
diffracted light that has passed the diffusion plate 36 is further uniformized, thus 
illuminating the liquid crystal display panel 40 with great uniformity and high 
brightness . 

Detailed Description Text (16) : 

FIGS. 4A-4E schematically illustrate well known relations between luminance on the 
surface 2a of light guide plate 2, i.e., diffracted light intensity, and grating 
constant as well as sectional configuration of diffraction grating 3. It is noted, 
however, that in FIGS. 4A-4E, light is incident on the light guide plate in 
practically perpendicular relation thereto and not incident from one end of the 
light guide plate into the interior thereof as described above. It may be added that 
the schematics shown are made by T. K. Gaylord as presented at the Dif fractive 
Optics Work Shop, held at Georgia Inst, of Tech., United States, in March 1996. 

Detailed Description Text (17) : 

Where the grating constant is relatively large, as shown in FIG. 4A, diffraction 
occurs up to high order (see m in the diffraction equation (1)), but diffraction 
efficiency of each order is low. Where the grating constant is small, as shown in 
FIG . 4B, diffraction occurs only on a specified order, but diffraction efficiency is 
high. Next, where the grating is sinusoidal in sectional configuration as shown in 
FIG. 4C and as often seen with holographic diffraction gratings, diffraction 
efficiency is low. In the case of a grating having a sectional configuration of 
sawtooth as shown in FIG. 4D and as often seen with diffraction gratings formed by 
machining, the grating may be a blazed grating of the type as already described, in 
which the direction of total reflection of incident light coincides with the 
direction of diffracted light, and which provides high diffraction efficiency. Where 
the grating has a rectangular configuration as shown in FIG. 4E and is a so-called 
binary diffraction grating, diffraction efficiency is low. 

Detailed Description Text (18) : 

Further, as already stated with reference to FIG. 2, any increase or decrease in the 
ratio of grating part width to non-grating part width in unit width of a light guide 
plate means an increase or decrease in the area of the diffraction grating, which 
results in an increase or decrease in diffraction efficiency. 

Detailed Description Text (19) : 

In the above described embodiment, therefore, the grating part width/non-grating 
part width ratio in each unit width of the diffraction grating 3 is varied along the 
length of the light guide plate for uniforming the luminance on the surface 2a of 
the light guide plate. It is also possible to vary the sectional configuration of 
the diffraction grating in a similar manner thereby to uniform the luminance. 

Detailed Description Text (20) : 

FIG. 5 is a perspective view showing an embodiment of the light guide plate as 
described in claim 2. A light guide plate 12 made of transparent plastic resin and 
having a thin-platy, rectangular parallelopiped shape has both transmission type 
diffraction gratings 13, 14 which receive light incident on a single light-emitting 
diode 5 provided in a lower center of a rear surface 12b as one or more point light 
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sources, and which are molded on the rear surface 12b and the front surface 12a as 
fine ruled grooves so as to be perpendicular to each other. Grating constant d of 
the diffraction grating 13 and grating constant d' of the diffraction grating 14 are 
set to fiexed values so that uniform, high brightness can be obtained at the front 
surface 12a of the light guide plate 12, taking into consideration the wavelength 
.lambda, of the light -emit ting diode in the grating equation (1), and the like. The 
relationship between the grating constants d, d' and the spreading of diffracted 
light is, as stated before, that the narrower the grating spacing, the more the 
diffracted light spreads, and that the wider the grating spacing, the less the 
diffracted light spreads. 

Detailed Description Text (23) : 

Light from the light -emit ting diode 5 enters the light guide plate 2 vertically at 
the rear surface 12b of the light guide plate 12, and is diffracted by the 
diffraction grating 13 so as to spread at angles increasing with increasing number 
of order m within a plane perpendicular to the ruled grooves of this diffraction 
grating, as shown in FIG. IB, according to the grating equation (1) , thus making a 
row of bright spots P. sub. -2, P.sub.-l, P.sub.O, P.sub.l, P. sub. 2 on the front 
surface 12a of the light guide plate 12 as shown in FIG. 5. Further, diffracted 
light from the rear surface 12b for making these bright spots is similarly 
diffracted as shown in FIG. IB by the diffraction grating 14 of the front surface 
12a of the light guide plate 12, within a plane formed by lines perpendicular to the 
individual ruled grooves of this diffraction grating 14 and the above diffracted 
light, thus resultantly making sets of rows of bright spots of FIG. 5 . . . ; 
P. sub. -21, P. sub. -11, P. sub. 01, P. sub. 11, P. sub. 12 ; P. sub. -2, P.sub.-l, P.sub.O, 
P.sub.l, P. sub. 2 ; P. sub. -2-1, P. sub. -1-1, P. sub. 0-1, P. sub. 1-1, P. sub. 2-1 ; . . . 
on the front surface of the plate member. The grating constants d, d' of the 
diffraction gratings 13, 14 on the rear and front surfaces are such that the sets of 
rows of bright spots are distributed at an appropriate pitch on the whole front 
surface 12a of the light guide plate 12, thus allowing uniform, high brightness on 
the front surface 12a of the light guide plate to be obtained. In addition, as to 
bright spots P.sub.ij, as shown in FIG. 5, assuming that the intersecting point 
between a vertical line passing through the light -emit ting diode 5 and the front 
surface 12a is taken as an origin, and that the direction of diffraction by the 
diffraction grating 13 on the rear surface is x while the direction of diffraction 
by the diffraction grating 14 on the front surface is y, then a suffix i represents 
an x- coordinate and a suffix j represents a y- coordinate . 

Detailed Description Text (27) : 

The diffraction gratings 13, 14 of the rear surface 12b and the front surface 12a of 
the light guide plate 12 in FIG. 5 have been so designed as to achieve uniform, high 
brightness at the front surface 12a by adjusting the grating constants d, d» . Also, 
alternatively, the diffraction gratings may also be designed to have a sawtooth 
shape, as an example, as described before, so that uniform, high brightness can be 
obtained. 

Detailed Description Text (28) : 

In FIG. 5, the diffraction gratings 13, 14 of the rear surface 12b and the front 
surface 12a of the light guide plate 12 are formed by molding. However, as described 
before, these diffraction gratings may be fabricated by in-mold molding in which 
hologram coatings for the diffraction gratings are inserted, direct machining 
process of ruled grooves onto the rear surface of the light guide plate, or bonding 
diffraction grating printed or holographically formed onto the rear surface of the 
light guide plate. 

Detailed Description Text (29) : 

In any of the embodiments described above, a light-emitting diode which emits 
monochromatic light has been employed as a light source. In another application, 
point light sources which emit white light may also be used, in which case with a 
diffusion plate provided on the front surface side of the light guide plate, 
spectrally dispersed rays by diffraction into R, G, B can be made into white light 
again by being passed through the diffusion plate, so that the liquid crystal panel 
can be illuminated successfully. 

Detailed Description Text (31) : 

As apparent from the above description, in the light guide plate as described in 
claim 1 of the present invention, the ratio of grating part width/non-grating part 
width in unit width, or cross -sectional shape, of the diffraction grating provided 
on the rear surface of the transparent plate member on which light from the point 
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light source is incident at at least one end face of the light guide plate is 
changed, and the diffraction grating provided on the front surface of the 
transparent plate member is perpendicular to the diffraction grating of the rear 
surface and its grating constant is set to a fixed value smaller than the mean 
grating constant of the diffraction grating of the rear surface, or the 
cross-sectional shape of the diffraction grating of the front surface is set to such 
a fixed shape that high-order diffracted light is diffracted with high efficiency. 
Therefore, the light from the point light source is diffracted first by the 
diffraction grating of the rear surface as uniform bright lines extending from the 
point light source perpendicularly to this diffraction grating, and then by the 
diffraction grating of the front surface so as to spread at large angles in a 
direction perpendicular to this diffraction grating, thereby illuminating between 
adjacent bright lines with high, uniform brightness, so that the front surface of 
the light guide plate can be illuminated uniformly with high brightness. 
Accordingly, when this light guide plate is applied to battery-driven liquid crystal 
displays or liquid crystal televisions, emission guide plates indicating an 
emergency exit and the like, bright and uniform illumination can be obtained with 
compactness and exceedingly less power consumption than in the prior art, and 
moreover the light sources and the batteries can be prolonged in life, allowing 
longer-term use. 

Detailed Description Text (32) : 

In the light guide plate as described in claim 2 of the present invention, the 
diffraction grating provided on the rear surface of the transparent plate member on 
which light from one or more point light sources is incident at the rear surface, 
and the diffraction grating provided on its front surface are perpendicular to each 
other, and besides the grating constants of the diffraction gratings, or the 
cross-sectional shapes of the diffraction gratings, are so set as to allow uniform, 
high brightness at the front surface of the light guide plate to be obtained. 
Therefore, the light from the point light source first is diffracted first by the 
diffraction grating of the rear surface radially within a plane perpendicular to the 
ruled grooves of the diffraction grating, thereby making a row of bright points, and 
then radially diffracted again by the diffraction grating of the front surface 
within a plane formed by lines crossing perpendicularly to the ruled grooves and the 
diffracted light derived from the rear surface, thereby making a matrix of bright 
lines. Thus, the surface of the light guide plate can be illuminated with high 
brightness and uniformity. Accordingly, when this light guide plate is applied to 
battery-driven liquid crystal displays or liquid crystal televisions, emission guide 
plates indicating an emergency exit and the like, bright and uniform illumination 
can be obtained with compactness and exceedingly less power consumption than in the 
prior art, and moreover the light sources and the batteries can be prolonged in 
life, allowing longer-term use. 

Detailed Description Text (33) : 

In the light guide plate as described in claim 3 of the present invention, which 
accords to the light guide plate as described in claim 1 or 2, a diffusion plate for 
uniformizing diffracted light or changing separated diffracted light into white 
light by irregular reflection/refraction is provided. Therefore, when the point 
light source emits white light, the diffracted light going out from the light guide 
plate, although separated, is changed into the original white light by passing 
through the diffusion plate. Also, when the light source emits monochromatic light, 
outgoing diffracted light is made more uniform by passing through the diffusion 
plate. Accordingly, even if a small number of light sources of monochromatic light 
or light sources of white light are used, the front surface of the light guide plate 
can be illuminated with even more uniform, higher brightness by virtue of more 
uniform monochromatic light or unseparated white light. 

US Reference Patent Number (2) : 
6011602 

US Reference Group (2) : 

6011602 20000100 Miyashita et al . 349/65 
CLAIMS : 

1. A light guide plate comprising: 
a transparent plate; and 
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diffraction gratings provided on both rear and front surfaces of the plate and 
diffracting light incident from one or more point light sources at at least one end 
face of the plate; wherein 

a ratio of grating part width/non- grating part width in a unit width, or 

cross- sectional shape, of the diffraction grating of the rear surface is varied, and 



the diffraction grating of the front surface is provided perpendicularly to the 
diffraction grating of the rear surface, while grating constant of the grating on 
the front surface is set to a fixed value smaller than a mean grating constant of 
the diffraction grating on the rear surface or the cross -sectional shape of the 
diffraction grating on the front surface is set to such a specified shape that 
high-order diffracted light is diffracted at high efficiency, whereby 

uniform, high brightness at the front surface of the light guide plate can be 
obtained. 

2. A light guide plate comprising: 
a transparent plate; and 

diffraction gratings provided on both rear and front surfaces of the plate and 
diffracting light incident from one or more point light sources at a rear surface of 
the plate; wherein 

the diffraction grating of the front surface and the diffraction grating of the rear 
surface are provided perpendicularly to each other, while grating constants of the 
diffraction gratings, or cross -sectional shapes of the diffraction gratings, are so 
set that uniform, high brightness at the front surface of the light guide plate can 
be obtained. 

3. The light guide plate according to claim 1, wherein a diffusion plate for 
uniformizing diffracted light or turning any spectrally dispersed diffraction light 
back into white light through irregular reflection/refraction is provided on a front 
surface side of the light guide plate. 

4. The light guide plate according to claim 2, wherein a diffusion plate for 
uniformizing diffracted light or turning any spectrally dispersed diffraction light 
back into white light through irregular reflection/refraction is provided on a front 
surface side of the light guide plate. 
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US PATENT NO. (1) : 
6011602 

Brief Summary Text (69) : 

The directional change means may have a structure of diffraction grating which is 
provided parallel to the light -output -side surface. 

Brief Summary Text (70) : 

Diffraction efficiency of the diffraction grating structure depends on the incident 
angle of the input light. Since the projections of the present invention outputs the 
light with improved directivity, the diffraction grating structure can efficiently 
change the direction of the input light, and less light is returned to the light 
guiding means by the diffraction grating structure than by the prism array. 
Consequently, the light can be transmitted through the diffraction grating structure 
with a small loss and the light intensity can be improved. 

Brief Summary Text (71) : 

The directional change means may include a hologram element which has a 
photosensitive layer made of a photosensitive material, when the structure of 
diffraction grating is recorded on the photosensitive layer. 

Brief Summary Text (73) : 

The diffraction grating of the directional change means may be a blazed grating 
which has a sawtooth vertical section to improve directivity and intensity of the 
light. 

Brief Summary Text (86) : 

wherein the directional change means has a structure of a diffraction grating which 
is parallel to the light-output-side surface. 

Brief Summary Text (87) : 

Since the light is input with improved directivity, the diffraction grating 
structure can efficiently change the direction of the input light, and less light is 
returned to the light guiding means by the diffraction grating structure than by the 
prism array. Therefore, the light intensity can be improved. 

Detailed Description Text (51) : 

Since the wavelength of visible light is about between 380 nm and 700 nm, the width 
i and the height j is preferably not less than about 5 .mu.m in order to prevent 
occurrence of interference fringes due to the diffraction of light. Since the size 
of a pixel of the liquid crystal display panel is approximately between 200 .mu.m 
and 3 00 .mu.m, the width i and the height j is more preferably not more than about 
100 .mu.m in order to prevent occurrence of interference fringes due to the pixels. 
Moreover, in view of the manufacturing convenience, it is further preferable that 
the width i and the height j is approximately between 10 .mu.m and 50 .mu.m. 

Detailed Description Text (66) : 

The hologram element includes a glass plate 142 with a thickness of 1 mm and a 
photosensitive layer 144 which is made of a photosensitive material coated on the 
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bottom surface of the glass plate 142. A diffraction grating structure 146 is 
recorded on the photosensitive layer 144 by the exposure method using two-beam 
interference. Input light 148 having a wavelength of 540 nm is input to the hologram 
element 140 at an incident angle .psi..sub.2, which is 60. degree, for example, with 
respect to the normal to the light -output -side surface of the hologram element 140. 
The input light is transmitted through the diffraction grating structure 146 to be 
output as a diffracted light 149 in a direction normal to the light -output -side 
surface of the hologram element 140 (at an angle of 0. degree, with respect to the 
normal to the light -output -side surface) . 

Detailed Description Text (67) : 

The diffraction grating structure 146 diffracts the light which has been input at an 
oblique angle to the hologram element 140 to be output in a direction substantially 
perpendicular to the liquid crystal display panel 135. Note that the diffraction 
grating structure 146 is formed on a plane which is perpendicular to the sheet 
surface of FIG. 13. 

Detailed Description Text (68) : 

Since diffraction efficiency of the hologram element 140 greatly depends on the 
incident angle of the light, especially in the case of a volume hologram element, 
most of the light which is input to the hologram element from the right side of FIG. 
12 (light beam 134, for example, which has an incident angle of -60. degree.) is not 
output toward the liquid crystal display panel 135. 

Detailed Description Text (74) : 

Note that the diffraction grating structure of the hologram element may be a 
structure formed by the exposure method using two-beam interference, on a 
photosensitive layer which is coated on a transparent plate such as a glass plate, 
wherein the transmittance or the refractive index in the diffraction grating is 
regularly changed. 

Detailed Description Text (78) : 

Input light 156 having a wavelength of 540 nm is input to the directional change 
means at an angle .psi..sub.2, which is 60. degree, for example, with respect to the 
normal to the light -output -side surface of the directional change means 150. The 
input light 156 is then diffracted by the blazed grating 154 to be output as a 
diffracted light 158 in a direction normal to the light -output -side surface of the 
directional change means 150 (at an angle of 0. degree, with respect to the normal to 
the light -output -side surface) . Note that the light guide or the like which is not 
shown in the figure is similar to that of Embodiment 7. 

Detailed Description Text (80) : 

Note that the light guiding body does not necessarily require the projections, if it 
has an ability to improve the light directivity. A diffraction grating structure may 
be designed to be appropriate to the light directivity. 

CLAIMS : 

19. The lighting apparatus as defined in claim 14, wherein said directional change 
means has a structure of diffraction grating which is provided parallel to said 
light -output -side surface. 

20. The lighting apparatus as defined in claim 19, 

wherein said directional change means includes a hologram element which has a 
photosensitive layer made of a photosensitive material, said structure of 
diffraction grating being recorded on said photosensitive layer. 

21. The lighting apparatus as defined in claim 19, wherein said structure of 
diffraction grating of said directional change means is a blazed grating which has a 
sawtooth vertical section. 

50. The lighting apparatus as defined in claim 45, wherein said directional change 
means has a structure of diffraction grating which is provided parallel to said 
light -output -side surface. 

51. The lighting apparatus as defined in claim 50, wherein said directional change 
means includes a hologram element which has a photosensitive layer made of a 
photosensitive material, said structure of diffraction grating being recorded on 
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said photosensitive layer. 

52. The lighting apparatus as defined in claim 50, wherein said structure of 
diffraction grating of said directional change means is a blazed grating which has a 
sawtooth vertical section. 



3 of 3 



3/6/03 1 :29 PM 



